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ABSTRACT : 

PROBLEM TO BE SOLVED: To obtain the subject contrast medium 
capable of 

manifesting functions to target a specific site in a body by making 
magnetic 

substance particles adsorbed onto the surfaces of microbubbles coated 
with a 

carboxylic salt. 

SOLUTION: Magnetic substance particles [preferably γ -Fe203 , 
a high He 

type γ -Fe203 (Fe304), a Co-containing γ -Fe203 , etc.], are 
adsorbed 

onto the surfaces of microbubbles coated with a carboxylic salt 
(preferably 

sodium laurate, sodium myristate, sodium palmitate, etc.) . The 
contrast medium 

is preferably used by coating the magnetic substance particles with a 
cationic 
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surfactant. The movement of the contrast medium can be controlled 
an 

external magnetic field. Thereby, the microbubbles can timely be 
introduced 

into sites causing problems in a human body, e.g. specific regions 
such as 

tumors in various kinds of internal organs or early cancers and 
diseases can 

accurately be observed and diagnosed by ultrasonic waves. 
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[Claim(s)] 

[Claim l]An ultrasonic contrast medium making magnetic substance particles stick to the 
surface of a micro bubble covered with carboxylate. 

[Claim 2] In the ultrasonic contrast medium according to claim 1, [ said carboxylate ] An 
ultrasonic contrast medium which are sodium laurate, sodium myristate, sodium 
palmitate, sodium stearate, and sodium oleate, and is characterized by using these 
carboxylate in independent or a form of a mixture. 

[Claim 3] In the ultrasonic contrast medium according to claim 1, [ said magnetic 
substance particles ] Gamma-Fe 2O3, high He type gamma-Fe 2O3 (Fe3C>4), Co content 
gamma-Fe 2 0 3 , Co covering gamma-Fe 2 0 3 , An ultrasonic contrast medium being Fe 3 0 4 , 
ferrite (M x Fe3. x 04:M is the first transition metal, such as Zn, nickel, Mn, Cr, and Cd, and 
x is 0-1), or a barium ferrite. 

[Claim 4] An ultrasonic contrast medium covering said magnetic substance particles with 
a cationic surfactant in the ultrasonic contrast medium according to claim 3. 
[Claim 5]An ultrasonic contrast medium currently being controllable by an external 
magnetic field in the ultrasonic contrast medium according to claim 1 . 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ultrasonic contrast medium used in 
order to reinforce the contrast of a diagnostic picture in sonogram diagnosis. It is related 
with the ultrasonic contrast medium to which magnetic substance particles were made to 
stick on the surface of the ultrasonic contrast medium which comprises long lasting and 
uniform stable air bubbles in more detail. 
[0002] 

[Description of the Prior Art] The supersonic wave is widely used in the field of medical 
diagnostic imaging. The medicine diagnostic picture using a supersonic wave transmits a 
supersonic wave into a human body from a sonar focus transducer, and means the picture 
reconstructed by receiving again the ultrasonic signal reflected with human body tissue 
with a sonar focus transducer. That is, the information which the ultrasonic signal 
acquired from the sonar focus transducer has is sent to ultrasonic diagnostic equipment, 
picture creation treatment is performed there, and a picture is outputted on the monitor of 



a diagnostic device. With this picture, medical practitioners can observe the appearance 
of the organization inside a human body. 

[0003] The human body has the acoustic feature of acoustic velocity, or the attenuation or 
dispersion which changes with organizations, respectively. Producing the ultrasonic 
signal received with the sonar focus transducer by the backscatter characteristic of human 
body tissue, the picture outputted to the monitor will show the acoustic feature of the 
human body tissue under inspection. 

[0004] The acoustic impedance showing the acoustic feature of a supersonic wave 
changes a lot by the interfaces (for example, the interface of a solid and a fluid, the 
interface of a fluid and a gas, etc.) of a different substance. Therefore, if the ultrasonic 
signal from this interface is used, a clear diagnostic picture can be obtained. Therefore, 
although various materials, such as simple air bubbles, coated air bubbles, colloid 
suspension, and an emulsion, have been studied as an ultrasonic contrast medium, Also in 
it, since a micro bubble ultrasonic contrast medium differs in acoustic impedance from 
the surrounding body tissue remarkably, it is excellent in the scattering characteristic of a 
supersonic wave, and is greatly expected from improvement in blood-flow diagnosis, or 
the early detection of cancer with conventional ultrasonic diagnostic equipment from 
making clear pictures, such as a blood flow which is not in sight easily. 
[0005]As an ultrasonic contrast medium which consists of micro bubbles, as shown, for 
example in JP,H8-325165,A, the example which produced the stable micro bubble over a 
long period of time is reported by by using a surface active agent for the coating agent of 
air bubbles, i.e., the interface of air bubbles and water, as drugs which carry out 
orientation adsorption. 

[0006] On the other hand, many methods are proposed about the medication method to the 
inside of the body of the ultrasonic contrast medium developed until now. The method 
most generally in these methods used is administration into a vein. This is because the 
disease of the heart, for example, the blood flow of myocardial infarction or the heart, 
was expected to image the part etc. which the turbulent flow has produced by the method 
of not doing hindrance to a human body as much as possible. 
[Problem to be solved by the invention] 

[0007] However, to introduce a micro bubble into the part which it not only reinforces the 
contrast of a diagnostic picture, but has a problem in a human body, and the specific field 
which has diseases, such as a tumor of various organs and an early cancer, for example 
timely to the ultrasonic contrast medium used now is desired strongly. In order to realize 
such a use of a contrast medium, it is more advantageous than merely introducing a 
contrast medium into the part which has a problem like before simply more remarkable [ 
it / to use a contrast medium with the mechanism which can make a target other means, 
for example, a specific part in the living body, ]. 

[0008]For example, since it can bring together in a part with a problem alternatively if it 
is a contrast medium with the mechanism which can make a specific part a target, more 
correctly, medical practitioners can observe a disease ultrasonically and can diagnose it. 
Anyway, the old typical ultrasonic contrast medium was directly applied to the field with 
a problem simply like a vein or the lymphatic system. In order to target-ize an ultrasonic 
contrast medium, it is required to establish the mechanism which enables target-ization. 
Made in order that this invention might solve the above-mentioned conventional fault, the 
purpose is to provide an ultrasonic contrast medium with the mechanism which can make 



a target a specific site in the living body. 
[0009] 

[Means for solving problem] The ultrasonic contrast medium by this invention changes 
from the structure where magnetic substance particles were made to adsorb to the surface 
of the micro bubble covered with carboxylate. The carboxylate used for covering of this 
micro bubble is sodium laurate, sodium myristate, sodium palmitate, sodium stearate, and 
sodium oleate, and these carboxylate is used in independent or the form of a mixture . 
[0010][ as magnetic substance particles made to stick to this micro bubble ] Gamma-Fe 
2O3, high He type gamma-Fe 2 0 3 (Fe 3 0 4 ), Co content gamma-Fe 2O3, Co covering 
gamma-Fe 2O3, There are Fe3<34, ferrite (M x Fe3- x 04:M is the first transition metal, such as 
Zn, nickel, Mn, Cr, and Cd, and x is 0-1), and a barium ferrite (BaFei 2 Oi 9 ). 
[001 l]Generally, the micro bubble covered with said carboxylate is electrostatically 
charged in negative. Therefore, if said magnetic substance particles are covered with a 
cationic surfactant and the surface of magnetic substance particles is just electrified 
electrostatically, adsorption of a micro bubble and magnetic substance particles can be 
further strengthened by the electrostatic coupling. 

[00 12] Since magnetic substance particles are sticking to the surface of this micro bubble, 
a motion within the human body is controllable by a magnetic field impressed from the 
outside of a human body. That is, since a micro bubble can be timely derived to a specific 
field with a disease alternatively by a magnetic field impressed from the outside in order 
to discover a tumor and an early cancer of various organs, by it, more correctly, medical 
practitioners can observe a disease ultrasonically and can diagnose it. 
[00 13] A micro bubble covered with carboxylate is produced by agitating an aqueous 
solution and a gas containing carboxylate with an agitating device. An ultrasonic contrast 
medium which becomes the surface from a micro bubble to which magnetic substance 
particles stuck is producible by making magnetic substance particles adsorb on the 
surface of a micro bubble, putting magnetic substance particles in produced micro bubble 
content emulsified liquid, and agitating with low power using an agitating device. 
[0014] 

[Mode for carrying out the invention] Hereafter, this invention is not limited although 
working example of this invention is described with reference to Drawings. 
[00 15] 50 mg of dry powder-like sodium stearate was added to 100 ml of distilled water. 
Then, this aqueous solution was low-agitated for 30 seconds using a homogenizer 
(Hitachi HG30 type). A churning power level of a homogenizer at this time is "1" (5,000 
rpm). And after churning for 30 seconds, churning between dichotomy was stopped and 
an aqueous solution was neglected. Then, this aqueous solution was again agitated with a 
churning power level "1" (5,000 rpm) between the above-mentioned churning, i.e., 30 
seconds. Next, a churning power level of a homogenizer was raised to "5" (1 5,000 rpm), 
and this aqueous solution was agitated for 3 more micros. There is a churning power level 
of the above-mentioned homogenizer to 1-10 steps. 

[0016]The quantity of distilled water may not be restricted to 100 ml, and may make the 
volume of an aqueous solution increase suitably according to the letter bear of foaming. 
[00 17] The stage stirring process which consists of two steps of stirring processes of the 
low stirring process which carries out predetermined time churning with the above- 
mentioned low power, and the high stirring process agitated under large power is already 
reported by JP,H8-325165,A. Even if it is poured in into a blood vessel and a blood flow 



progresses to a lung, the emulsified liquid containing many micro bubbles of the diameter 
(1-10 micrometers) which can pass the detailed blood vessel in a lung can be made to 
generate in large quantities efficiently by this method. 

[00 18] Although sodium stearate was used as an example in the manufacturing method of 
the above-mentioned micro bubble, As other carboxylate, sodium laurate, sodium 
myristate, sodium palmitate, and sodium oleate are mentioned, and these carboxylate is 
used in independent or the form of a mixture. 

[00 19] As magnetic substance particles made to adsorb on the surface of a micro bubble, 
magnetite (Fe 3 0 4 , TODA KOGYO CORPORATION make) was used. The average 
particle size of this magnetite is 0.3 micrometer. In order for the approaching magnetite 
to unite according to magnetic force or intermolecular force and to prevent condensing, 
coalescence and an aggregation are prevented by covering the surface of magnetite with a 
surface active agent, and using the electrostastic rebounding and elastic rebounding. 
Therefore, sodium laurate was made to adsorb on the surface of magnetite, putting 2 g of 
magnetite in 100 ml of sodium-laurate aqueous solutions of 0.1% concentration, and 
agitating with a magnetic stirrer for 60 micros at 80 **. Then, distilled water washed the 
magnetite and the sodium laurate to which it is not sticking was removed. 
[0020] The magnetite which covered the surface with the sodium laurate mentioned above 
in micro bubble content emulsified liquid was put in, it agitated with the magnetic stirrer 
for 1 hour, and magnetite was made to adsorb on the surface of a micro bubble. The 
magnetite which causes the magnetite and the magnetic aggregation which are not 
sticking to a micro bubble by using a magnetic stirrer at the time of churning, and is large 
precipitates, and since it sticks to a rotor with the magnetism of the magnetic stirrer, it is 
removable. 

[0021] It can be still stronger and magnetite can be made to adsorb on the surface of a 
micro bubble by making a cationic surfactant stick to magnetite by carrying out an 
electrovalent bond to the micro bubble which just electrified magnetite and has generally 
been charged in negative. 

[0022]First, 1 5 g of magnetite was put in 1 50 ml of cationic surfactant 
DPCL(chloridation 1-lauryl pyridium)20% aqueous solutions, and the surface of 
magnetite was covered with the cationic surfactant, agitating at 80 ** for 1 hour. Then, 
the magnetite covered with the cationic surfactant was obtained by throwing away an 
excessive supernatant liquid and washing magnetite with distilled water. 
[0023]Next, 150 mg of sodium stearate was put in 150 ml of distilled water, and micro 
bubble content emulsified liquid was produced according to the stage stirring process 
mentioned above. This micro bubble content emulsified liquid was taken to a 50-ml 
buret, and it was neglected in the status that the suction opening was turned down for 1 
hour. If it is neglected, inside a buret, since specific gravity is lighter than water, air 
bubbles will surface in the upper layer by the side of a suction opening tip and opposite, 
and, as a result, micro bubble content emulsified liquid will be divided into a micro 
bubble portion and a liquid part. 

[0024] Since the air bubbles with a big diameter is [ specific gravity ] small, while 
surfacing above a buret for a short time, they take time for the air bubbles with a small 
diameter to surface, since specific gravity is large compared with big air bubbles. 
Therefore, the micro bubble portion of the buret upper part will be separated according to 
the size of air bubbles. 



[002 5] Only the liquid part in which the micro bubble near a buret suction opening tip is 
not contained probably is emitted after 1-hour progress. As a result, only the micro 
bubble and some fluid will remain in the inside of a buret. Next, if only a micro bubble 
with a small diameter near a buret suction opening tip is emitted to another container 
from a tip, a desired micro bubble (for example, 1-10 micrometers) will be obtained. That 
is, the diameter of air bubbles is controllable by the discharge rate of the leaving times of 
the cellular content emulsified liquid within a buret, and the air bubbles from a buret free. 
[0026] The buoyancy partition process which separates the size of air bubbles using the 
specific gravity difference of the above-mentioned air bubbles and water and the specific 
gravity difference by cellular size is shown in JP,H8-325165,A. 

[0027] [ the micro bubble content emulsified liquid with a mean particle diameter of about 
10 micrometers taken out according to this buoyancy partition process ] The surface of 
the micro bubble electrified in negative was made to carry out the electrovalent bond of 
the just electrified magnetite, mixing the magnetite covered with the cationic surfactant 
and agitating for 30 micros slowly using a seesaw revolving rotor (Iuchi Seieido VMR-5 

type). 

[002 8] Although magnetite (Fe3C>4) was used as magnetic substance particles in above- 
mentioned working example, As magnetic substance particles, gamma-Fe 2O3, high He 
type gamma-Fe 2O3 (Fe3C>4), It may be Co content gamma-Fe 2O3, Co covering gamma- 
Fe 2O3, ferrite (M x Fe3- x 04:M is the first transition metal, such as Zn, nickel, Mn, Cr, and 
Cd, and x is 0-1), or a barium ferrite. 

[0029] It is possible to derive to the surface the micro bubble to which magnetic substance 
particles are sticking in an external magnetic field, or it experimented. The experiment 
system is shown in drawing 1 . 

[0030]Distilled water or a physiological saline was put into the hole 2 for measurement 
cylinder type [ in the gray scale phantom 1 ], and a proper quantity of micro bubbles 
created with said manufacturing method in it were poured in. And the external magnetic 
field was impressed to the measurement hole containing a micro bubble by sending a 
direct current through the electromagnet 3 installed beside the gray scale phantom 1 from 
the stabilized DC power supply 4. In the experiment, about 100-gauss magnetic field was 
impressed by sending a direct current of 10A through the electromagnet 3. 
[0031] The ultrasonic diagnosis image of the hole 2 for measurement which poured in the 
micro bubble was observed using the ultrasonic diagnostic equipment 5. Drawing 2 
expresses with the surface sonogram when a magnetic field is impressed to the micro 
bubble to which magnetic substance particles are sticking from the right. It can observe 
that the portion of the clear picture produced by backscattering of the micro bubble 
inclines toward the right-hand side which is an applying direction of a magnetic field, and 
signs that the micro bubble is derived by the magnetic field understand it. 
[003 2] On the other hand, drawing 3 shows the ultrasonic diagnosis image when a 
magnetic field is similarly impressed to the usual micro bubble to which magnetic 
substance particles are not sticking on the surface as comparison from the right. In this 
case, signs that the micro bubble is derived to the magnetic field are not seen. Also from 
this, it has checked that the micro bubble to which magnetic substance particles were 
made to stick was an ultrasonic contrast medium which can be derived by an external 
magnetic field on the surface by this invention. 
[0033] 



[Effect of the Invention] This invention is carried out with a form which was explained 
above, and generates an effect which is indicated below. 

[0034] The ultrasonic contrast medium made to adsorb magnetic substance particles on 
the surface of the micro bubble covered with carboxylate of this invention can control the 
motion by an external magnetic field. 

[003 5] Since the ultrasonic contrast medium by this invention can control the motion 
within a human body by the external magnetic field from the human body outside, it can 
introduce a micro bubble into a part with the problem in a human body, and specific 
fields, such as a tumor of various organs, and an early cancer, timely, for example. It 
becomes possible for medical practitioners to observe a disease ultrasonically more 
correctly and to diagnose by this. 



[Brief Description of the Drawings] 

[Drawing H it is an experiment system chart for evaluating derivation by the magnetic 
field of the ultrasonic contrast medium concerning an embodiment of the invention. 
[Drawing 2] It is an ultrasonic diagnosis image when a magnetic field is impressed to the 
ultrasonic contrast medium made to adsorb a magnetic substance on the surface 
concerning an embodiment of the invention. 

[Drawing 3 l it is an ultrasonic diagnosis image when a magnetic field is impressed to the 
usual ultrasonic contrast medium which is not made to adsorb a magnetic substance on 
the surface. 

[Explanations of letters or numerals] 

1 Gray scale phantom 

2 Hole for measurement 

3 Electromagnet 

4 Stabilized DC power supply 

5 Ultrasonic diagnostic equipment 

6 Probe 
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